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An important determinant of fitness of any individual is to find a suitable place to live and reproduce (Cody 1985 , Karels and Boonstra 1999 , Kerth et al. 2001 . This is especially true for birds where nest site selection might be influenced by physical structures (Rhodes and Richmond 1985) , predation risk (Hatchwell et al. 1999) or food supply in nearby habitat (Wiehn and Korpimäki 1997) . Selection of a nest site can be viewed as an adaptive trade-off between the cost for searching and defending the site and the reproductive benefits of selecting a site enhancing reproductive success (Pulliam 1989, Wood and Bjorndal 2000) . Thus it can be expected that long-lived resident species might invest more in nest site selection because they commonly occupy the site for more than one season. On the other hand, territoriality might constrain free choice, a condition known as the ideal pre-emptive distribution, IPD (Pulliam and Danielson 1991) . This is a form of the ideal free distribution (Brown 1969 , Fretwell and Lucas 1970 , Sutherland 1996 , where best territories are inhabited first and occupied territories cease to be available to others. Examples of this phenomenon have been found in several bird and mammal species (Lindén and quality and free choice is constrained, an influence of site characteristics on reproduction is likely.
Raptors are ideal focal species in studies of the importance of habitat characteristics on reproductive success because they are territorial and long-lived, building large nests which are often used year after year. The importance of habitat features influencing reproduction and fitness in raptors and other bird species is well documented (Møller 1991 , Newton 1991 , Korpimäki 1992 , Ens et al. 1992 ). Due to their mobility, raptors have the opportunity to visit many different habitat patches, and assess their relative quality. Thus they potentially have the opportunity to select habitat which maximises their annual reproductive output and lifetime reproductive success (Selås 1997) . Recognising the potential for investigating habitat selection, ecologists have intensively studied nest site selection and habitat preferences of many raptor species during the last two decades (Titus and Mosher 1981 , Reynolds et al. 1982 , Moore and Henny 1983 , Speiser and Bosakowski 1987 , Bosakowski et al. 1992 , Hubert 1993 , Penteriani and Faivre 1997a . With increasing computing power, approaches have become more quantitative (see for example Kostrzewa 1987 and Bosakowski et al. 1992 ). These studies have addressed two main questions. First, what habitat features does a given species prefer, or does nesting occur at random within the habitat (Knü wer and Loske 1980 , Hubert 1993 , Selås 1997 , Penteriani and Faivre 1997a . Second, what differences in nesting habitat exist between sympatric species and are these differences the consequence of different life styles or the outcome of interspecific competition for optimal sites (Reynolds et al. 1982 , Kostrzewa 1987 , Bosakowski et al. 1992 .
Whilst both questions are very important, the way in which they have been addressed is flawed because all of the aforementioned studies neglected differences between nest sites with regard to their occupation rate or ''reproductive success''. This might lead to erroneous conclusions because the sheer existence of a nest site is not a good measure of the habitat preference of a species. If, for instance, most nests remain unoccupied but differ in their habitat characteristics from the few occupied ones, a habitat preference will emerge from any quantitative analysis combining the two subsets and comparing it to randomly selected sites. This habitat preference, however, might not reflect what features are important for a given species. What is needed is to ask why certain nests are occupied year after year whereas others remain unoccupied for long periods (see Marquiss 1976, Korpimäki 1988 ). This, however, requires long-term data on occupancy that most of the aforementioned studies did not collect.
My aim in this paper is to try to address this question. My nest site data base contains 43 variables measured for 392 nests and in conjunction with the breeding success data, covering 11 yr in buzzards and 25 yr in goshawks, allows me to analyse what habitat features characterise a successful, often occupied and productive, nest. Other work indicated that the goshawk is clearly the dominant raptor species in the study area (Krü ger and Stefener 2000, Krü ger and Lindströ m 2001a), whereas common buzzards are more affected by competition (Krü ger 2000 , Krü ger and Lindströ m 2001b , Krü ger et al. 2001 ). For example, there is experimental evidence from the study area that the presence of a nearby goshawk decreases the breeding success in common buzzard (Krü ger 2002) . Based on these previous results, I make two predictions: 1) Goshawk nest occupation rate and nest reproductive success is strongly influenced by habitat variables and not by competition. 2) Common buzzard nest occupation rate and reproductive success is not strongly influenced by habitat variables but more by intra-and interspecific competition.
I finally look at nest site segregation between buzzard and goshawk and assess if optimal nest sites are a resource for which both species compete.
Material and methods

Habitat measurements
The nest where a breeding attempt occurred and the outcome of nesting in it (number of fledglings) was recorded in a 300 km 2 study area in eastern Westphalia, Germany (52°N, 8°E) between 1989 and 1999 for common buzzards, and between 1975 and 1999 for goshawks. A detailed description of the study area has been given elsewhere (Krü ger 2000, Krü ger and Lindströ m 2001a, b). During 1998 and 1999, each nest in the study area (N =392) was visited and habitat measurements were taken (Table 1) . I chose 18 variables to describe the micro habitat using a circular plot around the nest tree with a radius of 17.8 m, covering 0.1 ha. Another 20 variables were selected to describe the macro habitat using a circular plot with a radius of 500 m, covering 78.5 ha. This macro habitat plot covers ca 50% of a typical buzzard territory (Mebs 1964 , Newton 1979 , Krü ger 2000 and ca 5% of a typical goshawk territory (Ziesemer 1983 , Link 1986 , Krü ger and Stefener 1996 . To address the potential flaw of habitat change occurring between nest building year and the year habitat measurements were taken (up to 25 yr difference in goshawk and 11 yr in buzzard), I obtained grid square maps from 1975 and compared them with recent maps. Over the 25 yr, no major human-induced changes occurred in any macro-habitat plot, i.e. no forest patch was clear-felled or new roads were build. Thus my assumption that habitat characteristics of 1999 reasonably accurately reflect the status many years earlier seems to be justified (Krü ger and Lindströ m 2001a). A bias in some variables, for example human recreation pattern, cannot be ruled out, however. Another potential flaw might arise because individual bird quality is a confounding variable. Although this bias cannot entirely be removed, the mean breeding lifespan of goshawks is 3.8 yr (Zang et al. 1989 ) and the corresponding figure is 2.5 yr for this buzzard population (Krü ger and Lindströ m 2001b). Hence the nest reproductive success data base is six times longer than the average breeding lifespan in goshawk and four times longer than the average breeding lifespan in buzzards. This difference will reduce the bias introduced by individual quality, but I am the first to admit that this approach cannot strictly rule out individual quality as a confounding variable, especially in buzzards (Krü ger et al. 2001) . However, the fact that each territory contains between one and ten nests further reduces the bias because fit and long-lived individuals also often change nests between years, so that even a territory occupied by a long-lived and fit individual exhibits great variation in nest occupation rate and nest reproductive success which cannot be attributed to individual quality but to differences in habitat. This point is schematically illustrated in Fig. 1 which shows that within one territory, several nests exist which differ in both their micro and macro habitat. Both these factors (length of study against mean breeding lifespan of birds and multiple nests per territory) provide thus a good opportunity to look at habitat effects on occupation rate and nest reproductive success with individual bird quality as a confounding variable being greatly reduced.
Three variables were selected to describe the intensity of competition: intra-and interspecific nearest neigh- Table 1 One variable of potential great importance which could not be included was food supply. This was beyond the scope due to field work constraints (measuring field vole abundance would have been potentially doable but to arrive at an estimate of food supply for each goshawk territory is virtually impossible).
Statistical analysis
I used stepwise forward multiple regression analysis to determine significant predictor variables for nest occupation rate and nest reproductive success. Occupation rate was arcsine square root transformed and nest LRS was log-transformed prior to analysis (Zar 1999) . Occupation rate was calculated as the number of years a nest was used divided by the number of years the nest existed. Nest LRS was defined as the sum of fledged chicks which were produced over the existence period of a given nest. For these analyses, currently existing nests were included if they were built before 1998. This and the fact that some nests already existed at the start of the study introduces a bias into the analysis but the bias would have been even greater if nests still alive and hence long-lived would have been excluded from the analysis. Limitations of multiple regression analysis have been pointed out (James and McCulloch 1990) and, following recommendations, variables were not ranked according to their coefficient and residuals were checked for normality. To address the problem of multicollinearity, I included tolerance levels for each variable. Any variable with a lower tolerance level than 0.19 (indicating a correlation \0.9 with another independent variable) was omitted from the models (Hair et al. 1995) .
Ecological segregation with regard to habitat was assessed by discriminant analysis which finds a linear function of variables which best discriminates between groups of cases (Zar 1999) . To assess the habitat overlap between the two species quantitatively in multiple dimensions, I calculated a niche overlap value, following Maurer (1982) :
n where NO is the niche overlap value, d is the distance between the species centroids of a discriminant function and s 1 2 and s 2 2 are the variances of discriminant scores for species 1 and 2 (Maurer 1982 , Finch 1989 , Bosakowski et al. 1992 .
A niche overlap value \0.6 has been proposed to indicate that the two species should not coexist (competition exclusion principle), regardless of the number of variables. At values below they can coexist with values closer to the 0.6 threshold indicating higher potential bour distance and the sum of all raptor territories within 2000 m of the focal nest. Most variables were measured in the field with 100 m measuring tape. Heights were measured with a Leica Disto pro laser measuring device to the nearest 0.5 m and directions with a Suunto MCA compass to the nearest ten degrees. Slopes were calculated from the inverse tangent of the two legs of the right-angled triangle measured above the slope. Measurement error for variables which were measured on small-scale maps was 925 m. Human disturbance resulting from the nearest forest track and road was measured by random visits (30 min or 1 h duration) and counts of walkers, joggers, and cars h − 1 , which were subsequently lumped together into five disturbance categories. Although this measure reflects only the status quo of human recreational activities, the fact that those forest patches with many recreational activities were also known to be frequented heavily in the past indicates that the status quo is a valid surrogate of visitation differences between forest patches. A permanent disturbance was defined as a constant anthropogenic habitat feature (occupied house, highly frequented road). Tree species were ranked according to foliage density and timing of foliage development in spring.
for interspecific competition (MacArthur and Levins 1967, Gorman 1988) .
Results
Out of the 392 measured nests, 34 (8.7%) were used by two or more species over the study period. Buzzards either build or used 336 different nests and goshawks build or used 79. In the following analyses nests were only included if build before 1998, resulting in N = 302 for buzzard and N =72 for goshawk. Goshawk nests had, on average, a higher occupation rate and reproductive success compared to buzzard nests (Table 2) . Whereas the higher reproductive success per breeding attempt is merely a consequence of the larger brood size in goshawks compared to buzzards (2.1 vs 1.8 juveniles, Krü ger 2000), the average number of years a given nest was occupied was twice as long in goshawk than in buzzard (2.89 vs 1.49), indicating higher overall nest fidelity in goshawks.
The multiple discriminant analyses showed that for both buzzard and goshawk, profound habitat differences exist between nests which were used at least once for breeding and those which were build by a species but never used by it (Table 3 ). For buzzards, 37.7% of nests were never used for breeding. Six variables were significant discriminators for buzzard nests which together classified 63.2% of nests correctly as having been used or not. Used nests had more forested area in the plot, had a lower slope, a higher nest tree crown cover, fewer area covered by buildings in the plot, a lower territory sum and a higher number of branches supporting the nest. For goshawks, 30.6% of nests were never used for breeding. There was one significant discriminator variable which classified 63.3% of nests correctly. Occupied nests had more forested area in the plot.
Buzzard nest occupation rate and reproductive success
The multiple regression model for nest occupation rate explained only 12.6% of the variation with six variables (Table 4) . Nevertheless, it was highly significant (F 6,295 = 7.058, p B0.001). Three (territory sum, area covered by buildings in the plot and area covered by streets in the plot) had a negative association with nest occupation rate whereas the other three (forested area in the plot, crown cover above the nest and water areas in the plot) were positively associated with nest occupation rate.
Results were similar for the analysis of nest reproductive success (Table 4) . The model explained 19.1% of the variation with seven variables and was highly significant (F 7,294 = 9.899, p B 0.001). Three of the variables (territory sum, area covered by buildings in the plot and crown cover above the nest) were also significant predictors of nest occupation rate and the signs of the association were the same. There were also positive associations between nest reproductive success and distance from the nest to the nearest forest edge, altitude above sea-level, number of habitats in the plot and a negative relation with slope. 
Goshawk nest occupation rate and reproductive success
The multiple regression model for nest occupation rate included four predictor variables, namely breeding forest patch size, forest edge length along clearings in the plot, number of permanent disturbances within 200 m of the nest and altitude above sea-level (Table 5 ). The number of permanent disturbances within 200 m of the nest had a negative relationship with nest occupation rate while the other three variables had a positive relationship. This model explained 40.9% of the variance in nest occupation rate.
Results changed slightly for nest reproductive success. Four predictor variables were significant which altogether explained 41.4% of the variance. All four of them had a positive relationship with nest reproductive success (Table 5) . One (altitude above sea-level) was also a predictor for nest occupation rate while the other three (forested area in the plot, nest tree diameter at breast height and area covered by forest clearings in the plot) were specific for nest reproductive success.
These results indicate that buzzard nest site selection is influenced by the amount of forest near the nest as well as by human disturbances and competition. Goshawk nest site selection shows both parallels and differences. As for the buzzard, the amount and distribution of forested area near the nest were important. So too was the remoteness of the nest, as indicated by the influence of altitude and the number of permanent disturbances. Competition variables, in contrast, did not enter the models for goshawk.
Habitat overlap
To analyse further the differences between the two species with regard to habitat selection, I constructed two discriminant functions by including the ten red kite nests in the study area. Six variables were chosen as Table 5 . Multiple regression models for goshawk nest occupation rate (top) and nest reproductive success (bottom). Both models are highly significant (occupation: F 4,67 = 11.102, pB0.001, SE =0.323 and nest LRS: F 4,67 =11.830, pB0.001, SE=0.338) and residuals are normal. significant discriminators (Table 6 ) with an overall highly significant model (F 12,834 =13.723, p B 0.001). These variables classified 63.1% of nests correctly. Goshawks selected nests with a higher tree density, a higher distance from the nest to the nearest forest edge, a higher number of habitats in the plot and with a lower number of permanent disturbances within 200 m of the nest compared to buzzards. Nevertheless there was extensive overlap between the two species as exemplified by the scatterplot of the two discriminant functions (Fig. 2) . Using species' centroids and variances, I calculated a niche overlap of 0.566 between buzzard and goshawk. The value shows niche overdispersion and was below the threshold of 0.6, indicating potential coexistence. However, the value was close to the threshold, thus the species might compete.
In order to analyse the buzzard-goshawk pair in more detail, I performed a separate discriminant analysis leaving out the ten red kite nests. The resulting discriminant function included eight variables and was highly significant (x 2 =143.7, p B0.001). Together, the eight variables classified 78.8% of nests correctly as either buzzard or goshawk. Of the eight variables, five (distance from the nest to the nearest forest edge, tree density, number of habitats in the plot, water areas in the plot and nest tree crown cover) had entered the three-species discriminant function and three were new (slope, breeding forest patch size and forest edge length along forest edges in the plot). Goshawks selected larger and denser forest, more variable habitat with a higher forest edge length, nested further away from the forest edge and selected nest trees with more crown cover on steeper slopes whereas buzzard nests had a higher proportion of area covered by water in the plot. I calculated a niche overlap value of 0.504 between buzzard and goshawk from the species' means and variances, slightly lower than the corresponding one of the three species model (0.566). Again, this value indicates niche overdispersion between the two species and it was lower than the critical threshold but nevertheless demonstrates that there is potential for competition between the two species. 
Discussion
Models of habitat selection are commonly based on the premise that natural selection should favour the selection of sites that maximise reproductive success (Pulliam 1989) . The concept of this approach emphasises the importance of nest site selection for reproduction. This interaction between site quality and reproduction can have important effects on population dynamics (Rodenhouse et al. 1997, Krü ger and Lindströ m 2001a) and hence has important implications for conservation. Although my approach suffers from the problem of confounding variables (an often used nest site might have a high occupation rate and productivity because a very fit individual which was long-lived used it), the length of the study (4 -6 times longer than the average breeding lifespan of individuals) and the fact that each territory contains between 1 and 10 nests mitigate against this effect. Thus, even a long-lived, fit individual very often changes nest site between years and this greatly reduces the bias in any analysis of nest sites because even in a territory occupied by a fit individual, some nests never get used and hence have a low nest occupation rate and nest reproductive success, independent of the quality of the individual bird. The positive association between good quality birds and good quality territories, expected under the ideal pre-emptive distribution hypothesis (Pulliam and Danielson 1991) , will nevertheless mean that bird quality cannot be excluded as a confounding variable in any correlational study.
The results highlight differences between the two study species with regard to the importance of habitat characteristics for nest site selection and breeding success which are in line with the two predictions made before. While the regression models explained only small proportions of the variance of nest occupation rate (12.6%) and nest reproductive success (19.1%) in buzzards, the proportions were two to three times greater for goshawk (40.9 and 41.4% respectively). This might indicate that habitat characteristics are more important for goshawks than buzzards. Two other pieces of evidence support this. First, it is known that buzzard LRS is influenced by individual characteristics . The differences in predictive power of the multivariate habitat models for the two species could reflect a different level of area-sensitivity (Bosakowski et al. 1992) . Indeed the goshawk has been described as a very area-sensitive species, preferring deep and remote forest patches and requiring isolation from human disturbance (Robbins et al. 1989 , but note that some European populations have managed to colonise large cities, for example Cologne, Wü rfels 1994). Nevertheless, significant predictor variables such as the number of permanent disturbances and altitude, the latter a surrogate for remoteness and/or proximity to main hunting areas further uphill (Krü ger 1996) , indicate that goshawks in the study area are still area-sensitive. This preference for remote areas might be enforced upon the goshawk population through a low level of illegal hunting by man (Krü ger and Stefener 1996) . In addition, habitat features reflecting foraging opportunities were important for goshawks, such as the amount of forest and forest edge length which indicate a preference for a habitat mosaic supporting more potential prey (Kenward 1982) .
For buzzards, human disturbances were also important since the area covered by buildings entered all models with a negative sign. It has been proposed, however, that due to a low level of nest predation on medium-to large-sized raptors (Newton 1979) , protection from thermal extremes may be the most important factor in nest site selection of these species (Janes 1984 , Selås 1997 . Indeed a predictor variable in all buzzard models was nest tree crown cover, a very important determinant of thermal protection for a given nest. Apart from these two variables, the number of surrounding raptor territories entered all models with a negative sign and was highly significant. This raises an intriguing question. Are the habitat preferences of buzzards based on active choice or are they the consequence of interspecific competition? This could be the reason for the poor explanation of variance in nest reproductive success by habitat variables for buzzards. The goshawk is clearly the dominant raptor species in the cultivated landscape of the study area and in addition occupies nest sites earlier in spring (Kostrzewa 1987) . This might lead to displacement of buzzards into suboptimal nest sites. Indeed there is experimental evidence from the study area that the presence of a goshawk can have a negative influence on buzzard reproductive success (Krü ger 2002). Differences in their nest site characteristics as revealed by the discriminant analysis could be due to real ecological segregation or asymmetrical interspecific competition. Around 8% of all nests were used by both buzzard and goshawk during the study (see Newton 1979 , Kostrzewa et al. 1985 for similar results) and the overall percentage of correct nest site classification (78.8%) was similar to values reported in other studies on sympatric raptor species. Moore and Henny (1983) found that 71% of nest sites of three sympatric Accipiter species in Oregon were correctly classified and Bosakowski et al. (1992) found a percentage of 88.6% for two Accipiter species in New Jersey with a niche overlap value of 0.429. The niche overlap values in this study were considerably higher (0.566 for the three species model and 0.504 for buzzard vs goshawk), but still below the critical competition threshold of 0.6. This seems to indicate that interspecific competition might indeed have a profound influence on buzzard nest site selection. A similar result has been reported by Newton (1986) who found that sparrowhawks retreated to younger and denser forest stands as the goshawk recolonised mature forests in Britain. This is in line with theoretical predictions which state that raptors are especially likely to have their communities shaped by competitively-caused niche overdispersion (Schoener 1984) , because they are at the top of the food web and have few predators. Schoener (1974) found that niche overdispersion occurred along the dimensions habitat, food and time, in this order of importance. This study has provided evidence that high quality habitat might be a resource where goshawks limit buzzards in their choice.
